We analyze in this letter the physics of multiple charge-changing collisions of a fast beam iri a thick electron-spin-polarized target, and propose a new means for producing very intense beams of highly polarized hydrogen, deuterium, or tritium ions. At pr~sent the best polarized ion sources produce about lOOilA of pol art zed hydrogen or deuterium. One recent method 1 ' 2 has produced polarized hydrogen atoms by capture of a spin-polarized electron by a proton passing through a thin electron-spin-polarized target. We show for thick targets that repeated charge-changing collisions combine with electron-nucleus spin mixing between collisions to pump the entire beam to a high state of nuclear polarization. For intense beams incident on thick electron-spin polarized targets, "collisional pumping" (by analogy with optical pumping) offers \ the prospect of producing ampere beams of highly polarized hydrogen, deuterium, or tritium nuclei, creating new opportunities in atomic, nuclear, and plasma physics.
Intense beams of fast deuterium atoms obtained by multiple charge changing collisions of deutrons in a thick gas target are used for heating and fueling fusion plasmas. 3 ·The use of polarized reacting particles in a fusion reactor to modify the reaction rates and the angular distribution of reaction products has recently been suggested by Kulsrud et a1. 4 Fueling could be accomplished by injection of multiampere (equivalent) beams of nuclear-polarized atoms into the reactor. Collisional pumping could provide the means of producing such beams.
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Collisional pumping requires· that the magnetic field .be low so that -... but when the proton spin is antiparallel to the spin of the captured electron, the hyperfine interaction causes both the electron and nuclear spins to oscillate while maintaining an mF of zero. The combination of these effects 4219A -3 -leads to a net nuclear-spin polarization of 0.5, provided that the collision frequency is 1 ess than the hyperfi ne frequency. A subsequent e 1 ec tron-1 oss collision does not affect the nuclear spin. Subsequent capture of a polarized electron in the target further increases the nuclear polarization of the beam. Thus a succession of electron-capture and -loss collisions "pumps" both the electron-spin and the nuclear-spin polarization of the fast beam nearly up to the electron-spin polarization of the target. If the target electron-spin polarization is 1, and we ignore the small negative-ion fraction and possible depolarization mechanisms, we can describe the fast-hydrogen beam in a low magnetic field (B<< Be) with the following equations: Atomic charge-transfer cross sections ar~ the same for H, D, or T at the same velocity. Tritium.is described by the same equations as hydrogensince it also has a nuclear spin of 'lt.·· However, because D has a nuclear spin of 1, a comparable description requires nine differential equations, and nuclear polarization is described by two pa'rameters: vector polarization Pz = N+ -N_, and tensor polarization Pzz = 1 -3 N 0 , where N+, N 0 , and N_ are the relative populations of the three.nuclear-spin states. Electron and therefore nuclear depolarization occurs via radiation from the decay of n = 2 or higher atomic levels produced i~ the electron capture. 1 • 10 · Using measured electron-capture cross sections into n = 2 and higher levels, we estimate an atomic'depolarization of about 4 percent, which causes a reduction in nuclear pol ari zati on of about 8 The nuclear-polarized fast neut~al beam produced in either the low-or high-magnetic-field.target can be partially converted into a polarized ion beam in a second targ~t, wh~ch need not be polarized.· This second target should, however, be in a magnetic field that· is large compared to the critical " field, in order thatJ.and·Tin the ground level of Hare decoupled, so that
there is no nuclear de pol ari zati on due to ~he hyperfi ne interaction as the beam passes through the target.
We have only discussed charge-transfer collisions, and have ignored spin exchange. Spin-exchange cross sections for H 0 -H 0 at high energies (20 keY) are not known~ but are expected to be smaller than charge-transfer cross sections. To the extent that spin exchange occurs, however, it increases the polarization rate·and hence decreases the target thickness required for equilibrium polarization. ~ Spin-polarized target thickness required for production of a fast polarized H beam.by colli.sional pumping is about 1017/cm 2 . The rate at which target particles must be produced depends on the incident beam current.
Each projectile in the beam-being polarized makes 10 to 30 charge-changing collisions as it passes through the polarized hydrogen target; the production rate of electron-spin-polarized target atoms must be comparable, i.e., 10 to 30 times the beam particles per second. This implies a production rate of There is another interesting case of collisional pumping: a low-energy H+ beam (-400 eV) in a thick electron-spin-polarized alkali target.
Neutral atoms can only form negatiVe ions at low energies in an alkali target; if a neutral H atom is in the 1,1 state, it cannot capture another electron from an electron-polarized target atom to form H-because the H-ion exists only in a ls 2 state, where·the.electrons have oppositely directed spins. Collisional pumping produces, at equilibrium, a beam that is primarily H 0 atoms in the F = 1, ~ = 1 level. This case will be analyzed in another publication.
The production of intense highly polarized fast iQn or atom beams should be possible by use of collisional pumping with dense polarized targets.
Polarized hydrogen-atom gas with density greater than 10 17 atoms/cm 3 and electron-spin polarization greater than 99 percent has been produced. 5 • 6 It is also possible at the pre~ent time to produce multiampere H 0 beams at 20 keV/amu and higher energies, at particle current densities greater than 50 mA/cm2.3 Thus, with modest target dimensions, it should be possible to have H 0 beams equivalent to several amperes incident on a polarized target. 
